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INTRODUCTION 


It is difficult to study in detail the radiations in the decay of short-lived iso- 
topes with half-lives ranging from a second to several minutes. It 1s necessary 
to have a high initial source strength in order to allow for the rapid decay 
in the interval after production and before measurements of its radiations 
can commence. Some mechanical device has to be used for quickly trans- 
ferring the source after irradiation to the place of observation. Laborious 
corrections have also to be made to allow for the decay of the source during 
measurements. These difficulties have been partly overcome by the use of 
elaborate electronic devices which permit measurements in a brief period of 
observation. 


[t is, however, possible to use a mechanical device in which at one point 
in a continuously moving sample, spread on an endless conveyor belt, radio- 
activity is induced, say by (77, y) reaction, and at another point it is detected 
and measured. It can be shown that in this case for a given geometrical 
arrangement and a given speed of the moving belt, a steady equilibrium 
counting rate is obtained. Usual techniques for measurement of beta and 
gamma radiations can be employed and apart from the question of source 
strength, difficulties arising from the rapid decay of a short-lived isotope are 
eliminated. 

In some experiments based on this principle (Nahmias and Walen,! 
and Holmes”) the sampie was spread on the rim of a rapidly rotating circular 
hoop, the neutron source and the detector being at opposite ends of a dia- 
meter. At the detector, the background counting rate due to the neutron 
source was high, often higher than that due to the induced activity. The 


technique of a moving conveyor belt described in this paper makes it possible 
to choose a distance between the neutron source and the detector such that 


1 


adequate lead shielding can be installed to reduce the background counting 
rate to a negligible value. Feeble induced activities can therefore be studied. 
Al 255 
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This method also affords greater mechanical flexibility as regards the 
disposition of the source inducing activity and the detector. 


Some results with short-lived isotopes of silver and indium obtained 
by using this technique are described. Our equipment as now set up is suitable 
for measuring activities with half-lives ranging from a second to several 
minutes. 


THEORY OF THE METHOD 


Consider an arrangement as shown in Fig. 1, in which a conveyor belt 
of total length L passes near the neutron source R and the counter C. Let 
the portion of belt within the neutron flux at any instant be of length /, and 
let the portion ‘ seen’ by the counter be /;, each of these being small com- 
pared to L. The length of belt from R to C is /,. 


(in the present arrangement /, is about >) 


The probability that an activated atom emerges from the region of 
neutron flux is 


li 
Al 
p=f Pe “gy” 
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where V = -, 7 being the period of revolution of the belt. 
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0 
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.P= = (1 —-et =} (1) 
Here, F is the neutron flux, o is the capture cross-section for neutrons and 
A the decay constant of the induced activity. 
The probability that an activated atom leaving the region of neutron 
flux decays in front of the counter is 


lp , t 
qz=eaL tT gAlle + Is) 7 


Al, + ls 
q=e EC (l-er +) 
The probability that this happens during the second revolution is q:e’. 


Hence the total probability that an activated atom decays in front of 
the counter is 
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If N, is the number of inactive atoms of the sample per unit length of 
the belt then the number of disintegrations per second counted by the detector 
is 

C=K.N,-=-P-Q 


where K is a constant depending on counter geometry and efficiency. 


7k 


rls) (3) 


ax: «= 
1—e= 


x 


C= Co sinh x’ (4) 


C, is a constant depending on counter geometry and efficiency, thickness 
and density of the sample, neutron flux and capture cross-section and is 
independent of decay constant and period of revolution of the belt, pro- 


vided Ar : and Ar : are small compared to unity. 


When a single activity of decay constant A is present the variation of 


now with the period of revolution 7 is that shown in curve a of Fig. 2. 


At high speeds of the belt ah = approaches unity and the saturation 


counting rate C, is reached. One can see that when - = 0-1, where T is 


; ae , T ; 
the half-life, smh x 1° VOrY nearly equal to unity. When T> 1 this 
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differs very little from unity. Therefore, to obtain saturation counting rate 
C,, the period of revolution + must not be more than T. This falls to half 


the saturation value . at t= 6-3T, where T is half-life of the activity, 


Any deviation from this would indicate the presence of more than one short- 
lived activity. When one activity is present it is possible to calculate the 
half-life from observations of the counting rate at different periods of revo- 
lution of the belt. 


When two short-lived activities are simultaneously present, at high 
speeds of the belt (when 7 < T, or T;), the saturation counting rate due to 
each of them individually can be calculated from the observed saturation 
rate if the relative isotope abundance and capture cross-sections are known. 
As the period of the belt is increased the contribution to the counting rate 
from the shorter-lived activity decreases more rapidly than that from the 
longer-lived one. It is possible in favourable cases to choose a period of the 
belt at which the contribution from the shorter-lived activity is negligible 
and the longer-lived activity can be investigated without interference from 
the former. It is also possible to calculate the half-life of one of the acti- 
vities if that of the other is known, making use of known relative isotope 
abundance and capture cross-sections. 


EXPERIMENTAL ARRANGEMENT AND OBSERVATIONS 


Fig. 1 shows the experimental arrangement used for the present investi- 
gations. The endless belt B, 20 feet in length, runs over two pulleys A, 
each 1 foot in diameter. One of the pulleys is coupled to a motor specially 
designed for this purpose and capable of giving continuously variable speeds 
up to a maximum of 1400 rev. per minute. The belt passes through a cavity 
in a paraffin block P which also contains at R, just below the belt, a Radium- 
Beryllium source of neutrons of strength 500m.c. L is a heavy lead shield 
surrounding the paraffin block. The pulleys A were arranged in two adjacent 
rooms with the wall W separating them for better shielding. At C an end- 
window Geiger counter was used for beta-ray counting and a scintillation 
counter for gamma-ray measurements. The length of belt from R to C was 
half its total length. The counter C, which was adequately shielded by 
surrounding lead, was so arranged that aluminium absorbers could be inter- 
posed between its window and the sample on the belt. 


With the Ra-Be source in position the background counting rate was 
determined for no sample on the belt, both when the belt was at rest and in 
motion. The background rate in both the cases was found to be 25 counts 
per minute, only a few counts more than the natural background. 
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Fic. 1. Experimental Arrangement. 


Silver strips of 240 mgm./cm.? thickness were fixed along the whole length 
of the belt and the counting rate was determined for various values of the 
period of revolution in the range 5 sec. to 300 sec. The experimental points 
are shown in Fig. 2, on the curve C. 


Two activities are known to be induced in silver by slow neutron 
capture,» 4 22-5 sec. Ag!® and 2:3 min. Ag!*. The relative abundance of 
the stable isotopes Ag’®® and Ag?’ as well as their capture cross-sections being 
known, the relative proportions of the two activities in the total activity 
induced can be calculated. The total maximum counting rate C, is made up 
of maximum counting rate (Cy, due to 22 sec. Ag™® and Co, due to 2-3 min. 
Agi® C,, and Cy, were calculated from the observed maximum counting 
tate of about 700 c./min. Making use of the equation (3), and using the 
known values of the decay constants of the two activities, curves a and b in 
Fig. 2 were constructed, showing the variation of counting rate with period of 
revolution for the two individual activities. Curve C is the sum of these 
two curves a and b, and indicates the variation of counting rate with period 
of revolution to be expected when both activities are simultaneously present. 
The experimental points obtained for the counting rate at different speeds 
are seen to lie close to the theoretical curve C. It may also be seen from 
curve C in Fig. 2 that while at the shorter period of revolution, 7 = 5 sec., 
the observed effect depends on both the activities, at lower speeds, with ; 
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greater than 300 sec. the effect of the shorter-lived Ag’ is substantially 
reduced and the activity of Ag’®, half-life 2-3 min., becomes preponderant. 
By adjusting the speed of the belt one can, in favourable cases, filter 
out the effect of the shorter-lived activity whenever two short-lived acti- 
vities are present. The other activity can, therefore, be investigated in a 
convenient manner. 





900 


L 
120 240 300 360 


T in Sec. 


Fic. 2. Variation of Counting Rate with Period; Ag!®, Ag™®, 











By using accurately calibrated aluminium absorbers, absorption curves 
for beta-rays were obtained for two periods of revolution of the belt, for 
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+= 5 sec. when beta-rays due to both Ag!®* and Ag!° were present and for 
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+= 300sec., when beta-rays due to Ag!* alone were preponderant. These 
" absorption measurements were used to get the maximum energies of the 
ti- beta-ray groups as shown in Fig. 3. 
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Fic. 3. Absorption of Beta-Rays; Ag?®8, Ag! 
: A scintillation spectrometer consisting of a NalI(TI) crystal, E.M.I. 


6262 photo-multiplier tube and a single channel pulse-height analyser, was 
used to investigate the gamma-ray spectra, using the same two speeds of the 
belt. 


RESULTS 


: The absorption curve (Fig. 3) obtained at the faster speed of the belt 
indicates two beta-ray groups with maximum energies at 2-7 + -1 MeV. 
; and 1-7 + -1 MeV. In the absorption curve at the slower speed the beta- 
ray group of maximum energy 1-7 MeV. is observed but not the other one 
at 2-7 MeV. showing that the latter is due to the decay of 22 sec. Ag!® and 
the former due to 2:3 min. Ag!*. This is in agreement with the results 
of scintillation spectrometer studies of Ag"° by M. Goodrich® and of Ag! 
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by Goodrich et al.6 There is also an indication of another beta-ray group 
of maximum energy 0:75 MeV. due to Ag’®*. To explain this one has to 
assume that in addition to 0-6 MeV. gamma-ray another gamma-ray of 
0-4 MeV. is emitted in cascade in the beta-decay of Ag!*. This is not 
inconsistent with the gamma-rays observed with the scintillation spectro- 
meter. 


Fig. 4 shows the gamma-ray peaks at 0-4 MeV., 0-5 MeV., 0-6 MeV. 
and 0-9 MeV. obtained with the scintillation spectrometer, for a speed of 
the belt so high that both activities, Ag!* and Ag"° were present. Ata 
lower speed when Ag! alone is effective,’ the peak at 0-9 MeV. disappears, 
showing that it is due to Ag"®. 
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Fic. 4. Gamma-Ray Spectrum by Scintillation Spectrometer. 


Another experiment was carried out in which Indium foil was placed 
on the belt. The counting rate was measured at different times from the 
start of the experiment, the period of the belt remaining constant at 3 sec. 
per revolution. Indium? has two activities of half-life 13 sec. and 55 min. 
respectively. Saturation counting rate due to 13 sec. activity is reached 
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within about one minute after start while that due to 55 min. activity increases 
with time and reaches saturation after 3 hours (Fig. 5). The observed ratio 
of the saturation counting rates for the two activities agrees with the ratio 
of the known capture cross-sections for the production of the two activities. 
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SUMMARY 


A technique for studying short-lived radio-activities is described. It 
is suitable for half-lives in the range from a second to several minutes. The 
activity is induced at one point in the sample spread over a moving, endless 
conveyor belt and is studied at another point. The equilibrium counting 
rate then depends on the speed of the belt. The activity of 22 sec. Ag! and 
that of 2-3 min. Ag!®* have been studied. The maximum energies of beta-ray 
groups were determined from absorption curves. Gamma-ray energies were 
obtained with a scintillation spectrometer. It is shown that in favourable 
cases, when two short-lived activities are present, the shorter-lived one can 
be filtered out by adjusting the speed of the belt. 


The authors believe that the technique can easily be adapted to an experi- 
ment where irradiation is obtained by means of a reactor and can be of 
great value when making detailed investigation of radiations from short- 
lived isotopes. 


; Authors’ grateful thanks are due to Dr. H. J. Bhabha, F.R.s., for his kind 
interest and advice and to Prof. B. Peters, for many valuable suggestions 
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Bhagwat and Mr. C. V. Panat for their co-operation and help during the 
experiments. 
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It has been observed by earlier workers that when ceric hydroxide is added 
to concentrated hydrochloric acid, a dark brown solution is obtained. The 
colour of the solution is lost slowly on standing or rapidly by warming, with 
evolution of chlorine. The development of colour is assumed to be due to 
the formation of ceric chloride or hexachloroceric acid. Koppel! thought that 
water was responsible for the instantaneous decomposition of the product 
formed in the above reaction. He and subsequent workers therefore attempt- 
ed to prepare the salt from non-aqueous medium. 


The reaction between hydrated ceric oxide and hydrogen chloride gas 
has been investigated in detail. In these experiments, dry hydrogen chloride 
gas is allowed to react with hydrated ceric oxide without a medium for sus- 
pending the oxide. These studies have proved that the chloro-compound of 
ceric cerium can be obtained in a solid form. The reaction studied now can 
be represented as: 

CeO,.nH,O + 6 HCl - H,CeCl, or CeCl,.2 HCl + (n + 2) H,O. 


Anhydrous ceric oxide does not react with hydrogen chloride, due to 
the passivity of ceria which is prepared by the ignition of the hydroxide at 
800° C. The reaction, however, does not appear to be as simple as repre- 
sented in the above equation. A serious handicap in understanding the 
mechanism .of this reaction is the lack of knowledge regarding the structure 
of hydrated ceric oxide. Whether an oxonium type of intermediate com- 
pound of hydrogen chloride with all or any of the oxygen, is formed cannot 
be predicted with the knowledge gained by the present studies. 

These studies have, however, shown that although immediate decompo- 
sition of ceric compound formed will take place by the presence of free water, 
yet combined water with ceric oxide is helpful in the production of hydro- 
chloroceric acid. Actually, the maximum reaction is found to take place, 
when the hydrate corresponds to CeO,.4H,O. The formation of the 
brownish red colour is also much quicker when the percentage of water in 


the oxide is higher. A possible explanation is afforded by assuming that 
265 
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hydrogen chloride would react with water to give the hydroxonium and 
chloride ions which will then react with CeOg. 


When the hydrated ceric oxide reacts with hydrogen chloride, the water 
that is set free will catalytically decompose the ceric chloride formed. In 
the reactions where dioxane, methyl alcohol, etc., are used as reaction media 
the free water is taken up by the solvent and the deleterious effect of water 
is largely overcome. The greater stability of the product at lower tempe- 
rature may be due, besides the temperature effect, to the two phase system 
of the compound and water. 


Although it has not been possible to isolate the hexachloroceric acid in 
a state of purity, the studies made on the thermal decomposition of the acid 
indicate that the compound formed is not ceric chloride but has the formula 
H,CeCl,. From the analogy of the composition of the crystals isolated from 
dioxan and from the fact that water is given off during decomposition, it 
appears reasonable to assume that the compound contains water of crystalli- 
sation. 


EXPERIMENTAL 


Materials used 


Hydrated ceric oxide and hydrogen chloride were prepared as described 
earlier.1 Other reagents used were of A.R. quality. 


Effect of temperature on the reaction of hydrated ceric oxide and hydrogen 
chloride gas 


Dry hydrogen chloride gas was passed over a weighed quantity of 
hydrated ceric oxide (CeO,.2H,O) placed in a U-tube at constant temperature. 
The outgoing gases were bubbled through a wash bottle containing potassium 
iodide solution. The chlorine that was evolved during the reaction, due to 
the decomposition of the ceric chloride, reacted with the potassium iodide 
solution and liberated iodine which was estimated by standard sodium thio- 
sulphate solution. After carrying out the reaction for 30 minutes at a 
constant temperature and estimating the amount of decomposition during 
this period, a fresh quantity of potassium iodide was placed in the wash 
bottle and the U-tube was heated to 40°C. The chlorine produced was 
swept off by a current of nitrogen into potassium iodide solution and the 
iodine liberated estimated. The total per cent. conversion of ceric oxide 
and per cent. decomposition during the reaction were then calculated. 


The U-tube was first cooled in liquid air. When the solid hydrogen 
chloride that had deposited in the U-tube had completely covered the ceric 
oxide, the tube was tapped gently to mix the contents, the liquid air-bath 
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was removed and the U-tube placed in a mixture of solid carbon dioxide 
and alcohol. The deposited hydrogen chloride volatilised without effecting 
any change to the ceric oxide. There was no colour change in the potassium 
iodide solution. The U-tube was then maintained at — 20° C. and hydrogen 
chloride gas passed for 30 minutes. The ceric oxide turned orange brown 
in colour. There was slight liberation of iodine in the potassium iodide 
solution. The amount of decomposition during the reaction period and the 
percentage of conversion of ceric oxide were estimated. The experiment 
was repeated with known weights of hydrated ceric oxide at — 10°C., 0°C., 
10°C and 20°C. The results are presented in Table I. 


TABLE I 


Effect of temperature on the reaction of hydrogen chloride gas with hydrated 
ceric oxide, CeO,.2H,O 


Reaction period: 30 Minutes 








Per cent. decom- Per cent. total 
Bath position reaction between 
Temperature during ceric oxide 
reaction and HCl gas 





Liquid air .. ook Nil Nil 
Solid carbon dioxide. . Nil Nil 
— 20° C. 37-0 9-1 
—10°C. 38-5 14-6 

0° C. 40-5 25-2 

10° C. 46-9 35-7 

20° C. 57-2 50-1 





These results indicate that at higher temperatures, the extent of reaction is 
greater, but the per cent. decomposition is also higher. 


Effect of dilution or hydrogen chloride gas with nitrogen 


As the reaction between hydrated ceric oxide and hydrogen chloride 
gas is highly exothermic and as heat decomposes the reaction product, the 
effect of diluting hydrogen chloride with nitrogen was next investigated. 
Nitrogen was bubbled through hydrochloric acid (12 N) and the mixture 
of hydrogen chloride vapour and nitrogen dried over P.O; was passed over 
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a known weight of hydrated ceric oxide. The temperature was maintained 
at — 15° C. and the gaseous mixture was passed for 30 minutes. The experi- 
ment was repeated by bubbling nitrogen at the above rate through hydro- 
chloric acid of different strengths to reduce the amount of HCl in the gaseous 
mixture. The amount of decomposition during the reaction and the per- 
centage conversion of ceric oxide were determined as described previously. 
It was found that reasonably high yields of the product were obtained when 
the gaseous mixture got by bubbling nitrogen through 6 N hydrochloric 
acid is used (per cent. conversion = 41-6; per cent. decomposition = 6:1). 


Effect of increasing the reaction surface of ceric oxide 


Since the reaction is between gaseous hydrogen chloride and solid ceric 
oxide, it can be expected to increase by increasing the effective area of ceric 
oxide. The U-tube was loosely packed with dry glass wool and 0-5g. 
of the oxide spread over it and nitrogen bubbled through 6 N hydrochloric 
acid, passed for 30 minuies at — 15°C. It was found that nearly 70% of the 
ceric oxide was converted into chloride, 22-5% of which decomposed during 
the reaction. 


Influence of the degree of hydration of ceric oxide on the reaction 


In the previous experiments, the ceric oxide employed had 17-5% 


water corresponding to the formula CeO,.2H,O. The influence of the 
degree of hydration of ceric oxide was next investigated. Ceria obtained 
by the ignition of cerous oxalate at 800° C. was employed as the sample con- 
taining zero amount of water and a hydrate corresponding to the composi- 
tion CeO,.4 H,O was prepared by heating the dihydrate at 120°C. for 6 
hours. Another hydrate corresponding to CeO,-H,O was prepared by 
drying the dihydrate over phosphorous pentoxide for three days. A sample 
of the dihydrate was kept in a vacuum desiccator over water at 28°C. to 
get a hydrated oxide corresponding to the formula CeO,.4 H,O. Freshly 
precipitated ceric hydroxide was filtered, pressed between folds of filter-paper 
and was dried over phosphorous pentoxide till a hydrate corresponding to 
the formula CeO,.8 H,O was obtained. 


A known weight of each of the oxides was treated as before with hydrogen 
chloride gas diluted with nitrogen. The oxide was spread on glass wool 
maintained at — 15°C. The amount of decomposition and total con- 
version of the oxide were estimated as in the previous experiments. The 
results are presented in Table II. 


The results of these experiments indicate that ignited ceric oxide does 
not react with hydrogen chloride gas. As the amount of water retained 
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TABLE II 


Influence of the degree of hydration of ceric oxide on its reaction with 
hydrogen chloride 








Nature of Per cent. Per cent. 
oxide used conversion decomposition 





Ignited CeO, .. oh Nil Nil 
CeO,.4 H,O * 16-0 7:5 
CeO,-H,O .. “4 37-2 14-8 
CeO,-2H,O .. ‘i 66-8 21-8 
CeO,-4 H,O .. od 82-5 24-6 
CeO,-8 H,O .. = 86-7 25-6 





by the ceric oxide increases, the percentage conversion also increases. When 
the composition of the oxide corresponds to CeO,.4 H,O, a conversion of 
80-85% is obtained while the decomposition is about 257%. It is therefore 
possible to prepare H,CeC\, with an yield of about 60%. 


Stability of the reaction product at various temperatures 


In order to find out the maximum temperature to which the reaction 
product could be heated without considerable decomposition, a study of 
the effect of temperature on the stability of the reaction product was carried 
out. The reaction was carried out as before with 1-0g. of CeO,.4 H,O at 
— 15°C. for 30 minutes. The potassium iodide bubbler was then re- 
placed by a fresh one and dry nitrogen was passed for a period of 15 minutes 
through the U-tube at each of the following temperatures changing the 
potassium iodide at each change of temperature. 


— 40°C., —20°C., —10°C., OPC. 10°C. and 20°C. 


The amount of decomposition was estimated in each case by the thiosulphate 
method. Table III gives the results. 


These results indicate that at very low temperature the product formed 
by the reaction between hydrated ceric oxide and hydrogen chloride gas 
is stable but with increase in temperature the stability is very much diminished. 
At 20°C. nearly 80% decomposes within 15 minutes. It is of interest to 
note that when the temperature is raised to 40° C., the decomposition would 
be nearly complete within 5 minutes. 
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TABLE III 


Stability of the reaction product at various temperatures 








Per cent. 
Temperature (° C.) decomposition 
in 15 minutes 





1-2 


6°5 


51-8 
81-8 


96-0 
(5 minutes) 





From these experiments it was clear that the optimum conditions for 
the formation and stability of H,CeCl, were: 


(1) to use hydrated ceric oxide corresponding to CeO,.4H,O; (2) to 
increase the surface of reaction between the ceric oxide and hydrogen chloride 
gas; (3) to carry out the reaction between — 20 and — 15°C.; (4) to pass 
dry hydrogen chloride gas diluted with nitrogen. 


All attempts to purify the product failed. The compound could not be 
purified by sublimation under reduced pressure at — 10°C. on account of 
the non-volatility of the product. When the temperature was raised to 
10-20° C., the compound decomposed considerably. Sublimation experi- 
ments in an atmosphere of chlorine or hydrogen chloride gas did not prove 
successful in purifying the compound. Inert solvents like carbon tetra- 
chloride could not be employed to purify the compound on account of its 
insolubility. Solvents, like dioxane or methyl alcohol in which the sub- 
stance was soluble, did not in any way help in the purification of the com- 
pound, since the substance would not crystallise in methyl alcohol while 
from dioxane the substance crystallised with dioxane of crystallisation. The 
crystals isolated from dioxane analysed to the formula, H,CeCl,.4 C,H,0;. 
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SUMMARY 


A solvent is not necessary for the reaction of hydrogen chloride with 
hydrated ceric oxide to form hexachloroceric acid. The product of reaction 
is stable at low temperatures. Under optimum conditions, the percentage of 
hydrochloroceric acid produced was about 60. 
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In Part III of this series, optimum conditions for the reaction of hydrogen 
chloride gas and hydrated ceric oxide have been described. It has been 
proved by analysis of the product obtained after crystallisation from dioxane 
that hexachloroceric acid is formed during the above reaction. Details of 
the characterisation of the reaction product, and the product of decompo- 
sition by heat, are presented in this paper. Although it has not been possible 
to isolate the reaction product in a pure form from the unreacted ceric oxide 
and the cerous chloride, these studies indicate that the compound 
formed is not ceric chloride, but has the composition H,CeCl,. From the 
analogy of the composition of the crystals isolated from dioxane, and from 
the fact that water is given off during the decomposition of the product, 
it is most likely that the compound contains water of crystallisation. 


' EXPERIMENTAL 


A known weight of hydrated ceric oxide was made to react with hydro- 
gen chloride at — 15° C. by the technique described in Part III of the series. 
Dry nitrogen was passed through the U-tube for 30 minutes to displace 
all the hydrogen chloride gas in the system. The chlorine evolved (Table I-A) 
during the reaction was estimated by absorbing in potassium iodide solution 
as before. The hydrogen chloride liberated along this chlorine, during the 
decomposition of the compound could not be estimated since excess of 
hydrogen chloride gas was passed during the preparation of the compound. 
Hence the amount of hydrogen chloride (Table I-B) liberated during this 
decomposition is assumed to be twice the active chlorine estimated by the 
potassium iodide method as supported by the results of columns C and D 
of the same table. Two gas bubblers containing 1 N sodium hydroxide 
solution kept at 2-3° C. were then connected in the place of the potassium 
iodide solution. The U-tube was heated to 25°C. maintaining the current 
of nitrogen. The chlorine and hydrogen chloride that were liberated got 
absorbed by the sodium hydroxide solution. After about 30 minutes the 
U-tube was heated to about 40° C. and kept at that temperature for 10 
minutes to ensure complete decomposition. The alkali solutions were mixed 
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and made up to 250c.c. and the hypochlorite and total chloride were esti- 
mated in aliquots of this solution by standard methods. From _ these 
results, the amounts of chlorine and hydrogen chloride produced were calcu- 
lated (C and D). The residue left in the U-tube was taken up with water, 
filtered and the filtrate made up to a known volume. Cerium (E) and 
chloride (F) contents in this solution were estimated to compute the amount 
of cerous chloride produced during decomposition. The results are presented 


in Table I. 


The results of Table I (E and F) show that the molar ratio of cerium to 
chloride in the soluble portion of the residue in the U-tube is as 1:3. This 
indicates that the U-tube contains cerous chloride formed during the decom- 
position. The calculated ratio of active chlorine, hydrogen chloride and 
cerous chloride in the compound correspond to the formula, H,CeCl,. It 
is also clear that during the decomposition (C and D), about two moles of 
hydrochloric acid are expelled for every atom of active chlorine. It can, 
therefore, be concluded that the brownish red compound formed during 
the above reaction is H,CeCl,. 


It has already been shown that, when H,CeCl, is crystallised from di- 
oxane solution, the acid contained four molecules of dioxane of crystallisa- 
tion. It was of interest to find out whether the complex obtained by the 
action of hydrogen chloride gas on hydrated ceric oxide, had also some 
water of crystallisation. With this in view, the following procedure was 
adopted for the determination of water produced during the decomposition 
of the compound. 


The excess hydrogen chloride gas present in the U-tube, after the re- 
action, was removed as described previously by dry nitrogen. The U-tube 
was then connected to a weighed absorption tube containing magnesium 
perchlorate. The perchlorate tube was connected to a second perchlorate tube 
and finally to potassium iodide absorbers. The U-tube containing the 
complex was heated to 20° C. maintaining the current of nitrogen for about 
30 minutes, when the complex got decomposed. The magnesium per- 
chlorate tube was then weighed to find out the amount of moisture swept off 
from the U-tube. The perchlorate tube was again connected in the system 
and nitrogen passed for another 10 minutes, after which the absorption tube 
was weighed. There was no further increase in weight, thereby indicating 
that no water was swept off by the nitrogen from the U-tube. The 
iodine liberated in the potassium iodide solution was employed to estimate 
the amount of decomposition of the complex while the increase in weight 
of the first perchlorate gave the corresponding amount of water that was 
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swept off from the U-tube. A blank experiment indicated that the passage 
of a mixture of dry chlorine and hydrogen chloride through the perchlorate 
absorption tube did not show a detectable increase in weight. The following 
are the values obtained for moisture when samples of ceric hydroxide 
containing varying amounts of water of hydration were employed. 


TABLE II 





Composition of Total water Amount of com- Mg. of water 
hydrated in the ceric plex decomposed taken up by 
ceric oxide oxide used mg. mg. of Ce perchlorate 





CeO,.4H,O .. Ss 50-0 8-2 3-2 
CeO,-H,O ee 95-6 30-8 41-8 
CeO,.2H,O .. > 175-2 56-5 49-2 
CeO,-4H,O .. re 296-0 58-5 67-6 





The results of Table II indicate that for every part of the cerium, 
nearly an equal weight of water is eliminated indicating thereby nearly 10 


moles of water for every mole of the hexachloroceric acid decomposed. This 
large proportion of water is probably due to the decomposition of the 
hexachloroceric acid during the formation of the compound. It can there- 
fore be concluded that the water associated with the hexachloroceric acid 
cannot be estimated unless the compound is prepared in a state of purity. 


The substance formed during the above reaction was further confirmed 
to be hexachloroceric acid by the analysis of the compound in dioxane solu- 
tion. Dioxane was added to the U-tube when the brownish red compound 
dissolved completely, yielding an orange-red solution. The solution was 
filtered and analysed for cerium, active chlorine and total chloride. It was 
noticed that the ratio of cerium to active chlorine to total chloride in this 
solution was as 1: 1: 6-2 corresponding to the formula H,CeCl,. 


The author is thankful to Dr. M. R. A. Rao and Dr. A. R. Vasudeva 
Murthy for their keen interest in the work. 
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COLORIMETRIC methods for the estimation of uranium have been suggested 
by several workers. Inorganic reagents like thiocyanate,"? hydrogen per- 
oxide? and ferrocyanide* as well as organic reagents like thioglycolate,5 
salicyl amide,* dibenzoylmethane’ and morin® have been employed and the 
methods studied in the presence of various cations and anions. It appears, 
however, that since no specific reagent for uranium has been discovered so 
far, the proposed methods are only of limited application and many of them 
lack sensitivity.* 


During our studies on spectrophotometric estimation of thorium by 
morellin,? we noticed that even very low concentrations of uranium caused 
an interference. We, therefore, undertook a study of the uranium-morellin 
complex with a view to developing a method for estimation of uranium. 


Morellin is almost insoluble in water, but fairly soluble in alcohol. An 
alcoholic medium was, therefore, necessary for these studies. The reddish 
brown-coloured complex of morellin with uranyl ions appeared instanta- 
neously on mixing the respective solutions and no fading could be observed 
even after keeping for several days. The coloured complex was, however, 
destroyed by acid or alkali. 


EXPERIMENTAL 
Reagents and apparatus 


Standard uranium solution —Baker’s analysed sample of uranyl nitrate, 
UO, (NO;)..6H,O, was dissolved in distilled water and the solution 
standardised gravimetrically by the ammonia and the tannic acid methods. 
There was good agreement in the weight of the U;O, obtained by the two 
methods. This stock solution contained 4-640 g. U,O, per litre and was 
preserved in an amber-coloured glass stoppered bottle. For spectrophoto- 
metric studies, this solution was diluted to the desired concentration of 
uranium with aqueous alcohol so that the final strength of alcohol was 50%. 


Reagent solution.—A stock solution of morellin was prepared by dis- 
solving 0-7353 g. of recrystallised morellin in a litre of absolute alcohol. 
The solution had 1-352 x 10-* mole/ml. of morellin. 
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The other reagents employed were of A.R. quality. 


Apparatus used.—Spectrophotometric measurements were made with 
:Coleman universal spectrophotometer model 14, with purple filter 14-214 
(PC-4) of special glass, intended for the visible region. Cuvettes (14-302) 
had an optical path of 1-58cm. The instrument was worked at a constant 
band width of 35 my in the visible region. 


All pH measurements were made by the glass electrode method. 
Absorption spectra 


The spectral characteristics of morellin in aqueous alcohol medium with 
50% alcohol as reference liquid showed an absorption maximum at 410 my.® 
Uranyl nitrate solution was found to have an absorption maximum in the 
region 435-440 mp. With 50% alcohol as reference solution, the absorption 
spectrum of the mixture of morellin and uranium in the mole ratio of 8 : 1 
gave absorption maxima at 430 mp and at 540mp. Employing morellin 
solution as a reference liquid, absorption curve A (Fig. 1) was obtained for 
a mixture of 0-6 ml. of 1-365 x 10-* M uranyl mitrate solution and 5 ml. 
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Fic. 1. Absorption Spectrum of Uranyl-Morellin Complex. 








of morellin solution of the same concentration made up to 10 ml. by 50% 
alcohol. The curve shows an absorption maximum at 540 mp. Since at 
540 my, the individual absorption by morellin and by uranyl nitrate is 
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negligible, the maximum at 540 mz was employed for subsequent spectro. 
photometric investigations on uranyl-morellin complex. 


Effect of light on uranyl-morellin complex in alcohol 


Bhattacharyya and Gulvady!® reported that a photochemical reaction 
occurs between uranyl ions and alcohol, forming aldehyde and quadrivalent 
uranium. We, therefore, ascertained if there was any photochemical 
reaction with uranyl-morellin complex in alcohol medium. For this 
purpose, three samples of the complex solution containing 6-368 x 10°*M 
UO,*+* and 3-980 x 10*M morellin were exposed to (1) bright sunlight, 
(2) diffused daylight and (3) the beam of light in the spectrophotometer 
at A= 540 my. In the bright sunlight, the change in transmittance was 
practically negligible for an exposure of five minutes. But with prolonged 
exposure (one hour), the transmittance changed from 46-5% to 54-2%. The 
transmittance, however, remained constant at 46-5% in the case of exposures 
in diffused daylight and the spectrophotometric beam at 540 my, indicating 
an absence of any photochemical reaction and also the suitability of the 
conditions employed for the spectrophotometric work on the uranyl- 
morellin complex in alcohol medium. 


Minimum amount of morellin necessary for the estimation of uranium 


At 540 mp, the optical densities of a series of alcoholic solutions, having 
a morellin to uranium mole ratio of 0-5 : 1 to 9: 1 were determined. The 
results are represented in a curve OABC (Fig. 2), which shows that the por- 
tion OA of the curve is a straight line up to mole ratio of 2. After this, the 
rate of change in the optical density gradually diminishes up to mole ratio 
of 6, beyond which the optical density remains constant. The slow rate 
of fall in the optical density of the region AB of the curve is due to the dis- 
sociation of the complex. For the estimation of uranium, however, the mole 
ratio of morellin to uranium was maintained at 6 in the subsequent studies. 


Effect of the concentration of alcohol on uranyl-morellin complex 


When the concentration of ethyl alcohol was below 40%, morellin and 
its uranium complex got partially precipitated. To prevent such precipita- 
tion, the concentration of the alcohol was maintained at 50% or higher, when 
the optical density remained constant for a given concentration of the com- 
plex. In the subsequent work, the concentration of the alcohol was always 
maintained at 50%. 


Effect of pH on uranyl-morellin complex 


The influence of pH on the complex was studied to find out the range 
of pH when uranyl-morellin complex was most stable. pH adjustment of 
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Fic. 2. Variation in Optical Density of the Complex Solution wtih Change in Mole 
Ratio of Morellin to Uranyl Nitrate. 
the complex solution was made by the addition of 0-1 N hydrochloric acid 
or 0-1 N sodium hydroxide, since the common buffers were found to inter- 
fere with the colour or the solubility of the complex. The pH of each of 
the solutions was determined by means of the glass electrode. The follow- 
ing conclusions were drawn from these studies: 

(1) At pH lower than 4-5, the absorption curve of the complex solu- 
tion was practically identical with that of the morellin solution, showing 
thereby that the complex is not formed in this pH range. 

(2) Beyond pH 7-2, the complex solution gave an absorption maximum 
at 430 mz but none at 540 mp, thus showing again the characteristics of 
morellin solution in alkaline range of pH. This indicates that the complex 
is unstable beyond the pH of 7:2. 

(3) The uranyl-morellin complex was found stable between pH 5 and 
7, giving two characteristic peaks at 430 mp and 540 mp. Hence the pH 
of the solution was always maintained between 5 and 7. 


Standard curve for the estimation of uranium 


A series of uranyl-morellin complex solutions in 50% alcohol was 
prepared having different concentrations of uranium, maintaining the mole 
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ratio of morellin to uranium at 6. Optical densities of these solutions were 
determined at 540 mp, employing morellin as a reference solution. The 
results are given in Fig.3 A. The curve indicates that the optical density 
is proportional to the concentration of uranium in two ranges 2 to 6 p.p.m, 
and 12 to 51 p.p.m., indicating that Beer’s law is obeyed in these concentra- 
tion ranges. The curve is reproducible and it can be used for the estimation 
of uranium in two sections, 2 to 6 p.p.m. and 12 to 51 p.p.m. The initial 
straight line of the curve is perhaps due to the slight dissociation of the com- 
plex at high dilutions. 


Application of differential colorimetry 


To apply the method of differential colorimetry for the estimation of 
uranium, a reference solution was prepared with a concentration of 1-592x 
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107M with respect to uranium, maintaining the morellin to uranium mole 
ratio of 6. Employing this solution as standard, optical densities were deter- 
mined for a series of complex solutions of different concentrations, with the 
mole ratio of the reagent to uranium at 6. The results are represented in 
Fig. 3 B, which shows that the plot is not a straight line as required by Beer’s 
law. The curve is, however, reproducible for the conditions described above. 
Standard curves for known quantities of uranium should, therefore, be con- 
structed for estimation of uranium at higher concentrations. 


Interference due to foreign ions 


The stock solution of the complex was 2-850 x 10M with respect to 
uranium, having a mole ratio of morellin to uranium as 8. 10 ml. of this 
solution was transferred to a 25 ml. standard flask and mixed with a known 
amount of a solution of a foreign salt and the volume made up to 25 ml. with 
50% alcohol. The optical density of this solution was determined within 
15 minutes of mixing. The concentration of the foreign salt in the complex 
solution was progressively increased till the optical density changed by 2% of 
the theoretical values. Thus the limiting concentration of the interfering 
salt was determined (Table I). 


TABLE I 





Ionic ratio 
Foreign ion Salt tolerated. 
foreign ion/UO,*+ 





Agt Nitrate 
Al++ 
Bat+ Chloride 
Cat+ 

Cot+ 

Fet+ 

Hg*+ 

Kt 
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Mnt++ 
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Oxalate, ferrocyanide, thiosulphate, phosphate, fluoride and carbonate 
interfere even in traces. 


Molar composition of the uranyl-morellin complex 


(1) Job’s method of continuous variations —The composition of th 
complex was determined by the Job’s method of continuous variations, 
as modified by Vosburgh and Cooper.!2 Optical densities of a series oj 
solutions, prepared by mixing x litres of 8-264 x 10*M morellin solution 
with (10 — x) litres of 8-264 x 10~* M uranyl solution (where x varied from 


1 to 10), were determined at 540 my, employing morellin solution of the | 
corresponding strength as reference solution. As pointed out earlier, the! 
absorption due to morellin and uranyl solutions is negligible at 540 my, | 


Hence the Y function, defined as the difference between the optical density 
observed for a given mixture of the constituents and the corresponding optical 
densities of the respective components for no reaction, was taken, in the 
present case, as the observed optical density of the complex solution. The 
values of Y are plotted against x in Fig. 4, which shows that the peak in the 
curve occurs when the mole ratio of morellin to uranyl ions is 6-65 : 3-35, 
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ie, approximately 2:1. The complex can, therefore, have the molar com- 
position UO,M2, where M is a molecule of morellin. 


(2) Slope ratio method.—To verify the molar composition of the uranyl- 
morellin complex, the slope ratio method of Harvey and Manning’* was also 
employed. For this purpose, two series of solutions were prepared employ- 
ing 8-264 x 10M solutions of morellin and of uranium. In one series, 
uranium concentration was varied, maintaining morellin constant and in 
sufficient excess; while in the other, morellin was varied, keeping uranium 
constant and in sufficient excess. The optical densities of the solutions of 
both the series were determined at 540 my with 50% alcohol as reference. 
The values obtained are plotted in curves P and Q of Fig. 5. Since the curve 
Pis uneven, only the straight line portion CD was taken into account to find 


out the slope. 
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Curve P, x ml of Uranyl Nitrate added to 8 ml. of Morellin and finally made to 
10 ml. with 50% Alcohol. 

Curve Q, x ml. of Morellin added to 5 ml. of Uranyl Nitrate and the final volume 
made to 10 ml. with 50% Alcohol. 


Slope of curve P (Portion CD) = tan 6, = 0-50 
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. Molar composition of the complex = 0-50/0-251 = 1-99 (appr. 2) 
Thus the slope ratio of the two curves indicates that the molar ratio of 
morellin to uranyl ion in the complex is 2 : 1, which confirms the findings 
by Job’s method. The complex can, therefore, be represented as the inner 
complex having 4 co-ordinate uranyl ion, as represented below: 


co, CHs 


~ 


- CH CH, 


anee —— meee. 


Ak 


CH, =CH: 


p » 


Uranyl-morellin complex 


SUMMARY 


The spectrophotometric estimation of uranium (VI) has been studied by 
employing morellin, which forms a reddish brown complex with uranyl 
solution in ethanol medium. The complex is stable between the pH 5 and7 
and the mole ratio of morellin to uranyl ions in the 4-co-ordinate inner com- 
plex of UO,** radical is 2:1. The colour reaction conforms to Beer’s law 
at 540 my in two ranges, 2 to 6 p.p.m. and 12 to 51 p.p.m. of uranium. The | 
limits of interference due to some foreign ions during the spectrophotometric 
estimation of uranium have been determined. 
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INTRODUCTION 


IN recent years, murexide or ammonium salt of purpuric acid (I) is being 
extensively used as an analytical reagent for many metallic ions, especially 


of Ca++. Beck! employed murexide for the detection of Sc, Zn, Th and other 
rare earth and rare metals; Leonid Kul’berg? used the same as reagent for 
heavy metals. Schwarzenbach and Gysling* described in detail the use of 
murexide for quantitative estimation of Ca**. Since then it proved to be 
an efficient reagent for determination of calcium-content in pharmaceutical 
products,‘ milk ultra filtrate,* etc.© Estimation with ease of Ca**+ in sugar- 
cane juices is problematical in sugar technological laboratories. During a 
series of experiments on this investigation employing murexide, a few interest- 
ing results on the decomposition of murexide in acid solutions were obtained. 
It is known’: * that murexide in solutions of low pH undergoes decomposition 
leading chiefly to the production of uramil (II) and alloxan (III). No data 


HN——CO HN——CO 

oc CH-NHs Oc co 

HN——CO HN——CO 
II III 


exist in the literature on the kinetics of this reaction. The present communi- 


cation reports for the first time the kinetics of the decomposition of murexide 
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investigated by employing the characteristic absorption spectra of the sub- 
stance in the visible region. 


EXPERIMENTAL 


The commercial (B.D.H.) sample of murexide was purified by the 
method described by Davidson.’ One gram of the crude substance was 
dissolved in 900c.c. of pure distilled water. The filtrate was salted out 
with 60 gm. of ammonium chloride. The precipitated substance was washed 
with absolute methyl alcohol, to be free from chloride and later dried at 
120° C., when fine reddish brown crystals possessing a green reflex were 
obtained. 


Absorption spectra of a solution of known concentration of murexide 
with an equal volume of a buffer solution of desired pH, were studied with 
Unicam S.P. 350 D.G. spectrophotometer; this last had one cm. effective 
light path. 
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Fic. 1. Absorption Spectra of murexide in the visible region. 


(Curve 1 refers to the concentration of 0-125 and Curve 2, to 0-:0625 mM of 
Murexide; pH = 6:0.) 
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RESULTS AND DISCUSSION 


A typical series of results on the characteristic absorption spectra of 
murexide in the range 400 to 700 my are given in Fig. 1; in this, curve 1 
refers to a concentration of 0-125 mM while curve 2, to 0-0625 mM of mur- 
exide at pH = 6-0. It was interesting to note that the absorbancy of mur- 
exide increased progressively to a maximum followed by a decrease with 


increase in the wave-length. Thus, e.g., it was 0-35, 1-13 and 0-2 atA = 460, 
A3 








288 N. A. RAMAIAH AND OTHERS 





620 mp respectively. Murexide has maximum absorption at A = 530 mp 
in accordance with the data obtained by other workers.> Further, this wave- 
length Am was unaffected by a change in the concentration or/and the pH 
value of the solution. 


At a fixed pH, increase of the concentration of the murexide solution 
especially in the range 10-* to 10-*M enhanced the maximum absorbancy, 
Thus, e.g., the absorbancy at A = 530 mp was 0-17, 0-65 and 1-13 at 0-016, 
0-063 and 0-125mM of murexide. Further, it was interesting to note that 
the absorbancy increased sensibly linearly with the concentration (see Fig. 2) 
in accordance with Beer’s law; the corresponding constant had a value of 
1-04 x 104 at 25°C. (Table J). 
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Fic. 2. Variation of absorbancy with the concentration of murexide. 
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TABLE [ 


Variation of maximum absorbancy at \ = 530 mp with concentration 
of Murexide 








Concentration Optical Beer’s Constant 
M x 108 density (10) 
0-125 1-135 0-91 
0-10 1-03 1-03 
0-0833 0-87 1-04 
0-0625 0-655 1-05 
0-0417 0-44 1-06 
0-0313 0-342 1-09 
0-0157 0-171 1-09 





Mean Value = 1-04 


The data given in Figs. 3 and 4 represent the variation of the absorbancy 
at A = 530 mp of murexide solution with time, at pH = 2-2 and 2-6 res- 
pectively. In these curves | and 2 refer respectively to the above data with 
initial concentrations of 0-125 and 0:0625 mM of murexide. These data 
were obtained as follows: A known volume of the murexide solution was 
mixed with equal volume of a buffer and the absorbancy was recorded at 
different intervals of time at A = 530 my. It was interesting to observe that 
the absorbancy at 4 = 530 mp characteristic of the substance decreased pro- 
gressively with time. Thus for an initial concentration of 0-125mM and 
at pH = 2-2, the optical density was 0-72, 0-42 and 0-22 at 1, 5 and 9 min. 
after the solution was mixed with the buffer. With further increase in time, 
it decreased to a negligibly small value (see Fig. 3). Essentially similar data 
were recorded at other pH values (Fig. 4). The decrease with time of the 
absorbancy was accompanied by the gradual disappearance of the characteristic 
pink-red colour of the murexide. Furthermore, the above change in the 
absorption or the colour, appeared permanent and irreversible in the sense 
that when the acid-reacted solution was made alkaline, the characteristic 
colour was not restored, and the absorption at A = 530 mp was not exhi- 
bited. This is illustrated clearly by the data given in Figs. 5 and 6; these 
refer to the experiments in which during the progress of the reaction, the 
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Fic. 3. Decomposition of murexide with time at pH = 2:2. 
(Curve 1 = 0-125 and Curve 2 = 0-0625 mM of murexide ; \ = 530 my) 
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Fic. 4. Decomposition of murexide with time at pH = 2°6. 
(Curve 1 = 0-125 and Curve 2 = 0:0625 mM of Murexide; 4 =530 my) 


PH of the solution has been increased to 8 by addition of 0-2c.c. of 4N 
sodium hydroxide solution, which caused negligible dilution of the murexide 
solution. It was interesting to note that as soon as the pH was raised, the 
Teaction leading to the decrease in the absorbancy of murexide was quenched 
as evidenced by the observation that the absorbancy of the solution recorded 
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just before addition of alkali remained later sensibly constant (see Figs, 
5 and 6). These data not only demonstrate the irreversible nature of the 
decomposition, but also reveal the marked dependence of the reaction on 
the hydrogen-ion concentration of the solution. 
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Fic. 5. Effect of addition of alkali to the acid reacted murexide solution. 


{Initial pH of the solution = 2-2 (Curve B), pH after addition (at the instant indicated by 
the arrow) of the alkali = 8-0 (Curve A). \» = 530 muz.] 
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Fic. 6. Effect of addition of alkali to the acid reacted murexide solution. 
[Initial pH of the solution = 2-8 (Curve B), pH after addition (at the instant indicated 
by the arrow) of the alkali= 8-0 (Curve A). A = 530 muz.] 

The data in Figs. 3 and 4 further show that larger the pH of the solu- 
tion, the greater is the time necessary for complete decomposition of a known 
concentration of murexide. Thus the absorbancy at A = 530 mp decreased 
to undetectably small value within 25 min. at pH = 2-2 (curve 1, Fig. 3), 
while the same at pH = 2-6 decreased to zero value by about 40 min. 

Table II gives the results on the time necessary for half decomposition 
of a known initial concentration of murexide, recorded at different pH values. 
These were employed for the determination of the order (m) of the reaction 
under investigation. The figures in the last column gave an average value 
of 0-93 or ~1 for n, It is for this reason that the authors considered the 
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reaction to be roughly first order in nature and presumably similar to the 
acid hydrolysis, inversion of cane sugar, etc. 


TABLE II 


Determination of the order of reaction 
C, = 0-125mM and C, = 0:0625mM of Murexide 








Time for half Time for half Order of 
pH decomposition decomposition reaction 
of C, (74) of C, (t74) (n) 





a2 4-25 3+625 0-96 
2-4 5-125 0-93 
2-6 8-25 7-0 0-96 


2°8 17-0 12-0 0-91 





There are several methods employed for calculating the first order rate 
constant k, from the readings r at time ¢ of some physical property charac- 
teristic of the substance undergoing reaction, and proportional to the con- 
centration thereof. Since the variation of the absorbancy of murexide 
solution obeys roughly Beer’s law (Table I, Fig. 2), it has been felt that the 
same could be satisfactorily utilised for obtaining the value of k,. For this 
purpose, the authors employed the following equation due to Guggenheim.’ 


log (r’ —r) =a—kyt 


where r’ is a reading at time ¢ + 7, where 7 is a chosen constant interval; 
and a, a constant. The remarkable simplicity of this equation is that it is 
only necessary. to plot log (r’ — r) against ¢t and measure the slope of the line 
thus obtained, which gives directly the value of the first order rate constant. 
Fig. 7 shows one of the typical lines thus obtained by the application of the 
above formula to the data given in Fig. 3 (Curve 1). This gave a value of 
7-98 x 10-* min.-! (25° C.) for k, for an initial concentration of 0-125mM 
of murexide at pH = 2:2. 
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Fic. 7. Determination of the first order rate constant. 
(pH = 2°2; concentration = 0-125mM; A = 530 mp) 


SUMMARY 
‘ * Decomposition of murexide in solutions of low pH (2-6) has been in- 
vestigated spectrophotometrically. At pH <6, the characteristic absorption of 

of murexide at A = 530 mp decreased irreversibly with time, following first 
‘ ; order law; the corresponding rate constant k, had a value of 7-98 x 10-® 
: min. (25° C.) for an initial concentration of 0-125 mM of murexide at 
, PH=2-2. 
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POLAROGRAPHIC STUDIES OF MUREXIDE—I 


By N. A. RAMAIAH AND VISHNU 
(Department of Physical Chemistry, Indian Institute of Sugar Technology, Kanpur) 
Received March 9, 1956 


(Communicated by K. S. G. Doss, F.A.sc.) 
INTRODUCTION 


i Since the discovery of polarography by Heyrovski it has been extensively 
employed for qualitative detection and quantitative analysis of electro- 
; oxidisable or reducible substances. In recent years, it has proved to be an 
efficient method for investigation of oxidation-reduction equilibria, keto- 
enolic tautomerism, etc., of a number of organic substances. Thus Sartori 
and Liberti! studied the oxidation-reduction of alloxan-dialuric acid; and 
Smith and Waller? examined the equilibrium of nitrosobenzene-N-phenyl- 
hydroxylamine. Muller and Baumberger® investigated the keto-enolic equi- 
| librium of quinol and benzoquinone system. Polarographic technique is 
| also found to be very useful in understanding the electro-chemical oxidation 
and reduction mechanism especially the number of electrons involved therein 
and the reversible or irreversible nature thereof. The reduction of formal- 
dehyde at the dropping mercury electrode was found to take place according 
to the following mechanism‘: 


HCHO -+ 2e + 2H*t + CH,OH 


Distinction between reversible and irreversible organic reductions is also 

brought out from polarographic analysis. In a _ reversible oxidation- 

reduction system, the half-wave potential for the oxidation of the reductant 
is identical with that for the reduction of the oxidant; and is equal to the 
/ potentiometrically determined normal potential of the system.®»* The two, 
reversible and irreversible, processes are controlled by equations involving 
different and characteristic quantities (vide infra). 


one INE Bet 


The present investigation deals with polarographic studies of murexide 
or ammonium salt of purpuric acid 
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This substance has been widely used as an indicator for metal ions, especially 
of Ca*+.7,° Thus Beck® employed murexide as an analytical reagent for Sc, 
Zn, Th and other rare earth metals; Engel® used the same for titrimetric 
determination of Cat+ and Mg*+. And, Oestertag and Rinck™ studied the 
colorometric estimation of Ca++ with the aid of murexide. Smeets and 
Seekles!? determined spectrophotometrically the content of Ca++ in milk. 
ultrafiltrate. Murexide was also employed for analytical work in pharma- 
ceutical!* and textile“ products. During a series of trials for estimation with 
murexide of the calcium content in sugarcane juices, it appeared desirable 
to investigate in detail the polarography of murexide, the knowledge of which 
would be of utility for development of ampereometric titrations with murexide. 


EXPERIMENTAL 


The commercial (B.D.H.) sample of murexide was purified according 
to the method described by Davidson®; this method was found to give 
99-100% purity.4* One gram of the substance was dissolved in 900 c.c. of 
pure twice distilled water and the filtered solution was salted out with ammo- 
nium chloride. The precipitated substance was washed several times with 
absolute methyl alcohol and later dried at 120° C. 


0-1 N potassium chloride (Analar quality) solution was used as the 
supporting electrolyte. The dissolved air in the solutions was removed by 
bubbling purified nitrogen. 0-5% of gelatin was used as the maximum 
suppressor. * 


The polarograms at different concentrations of murexide were obtained 
by a manual polarograph set up in this Laboratory. The following were 
the characteristics of the capillary of the dropping mercury electrode in 
0-1 N potassium chloride solution with open circuit: 


Mass of the drop = 3-23 mg. 
Drop time = 1-64 sec. 


A pool of mercury at the bottom of a cell (capacity 100 ml.) served as the other 
electrode. D.C. potentials obtained from a potentiometer and applied to the 
dropping mercury electrode (used as cathode in this investigation) and mer- 
cury pool, could be read accurately up to 1 millivolt. The current flowing 
through the system was measured as follows: A suitable carbon resistor was 
introduced serially into the circuit; the potential developed across the same 
due to the passage of the current was measured by a Leeds and Northrup 


* Murexide exhibits a pronounced positive maximum; the details of the effect of maximum 
suppressors like gelatin, methyl red, etc., will be reported in a later communication. 
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Fic. 1 Polarogram of murexide in 0-1 N KCl solution. 
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potentiometer; the accuracy of the measurement was 0-5 of a millivolt, 
which corresponded to 0-05 of a microampere. 


RESULTS AND DISCUSSION 


Figure 1 gives a typical series of results representing the variation of the 
current i with potential E applied to the dropping mercury electrode; the data 
refer to a concentration of 1-4mM of murexide (at neutral pH). When 
the dropping mercury electrode was made progressively negative, at low 
applied potentials only a minute current could be recorded (AB, Fig. 1), | 
When the potential was increased beyond a characteristic value correspond- | 
ing to the decomposition potential, marked increase in i, tending to satura. | 
tion at large values of Z, was noticed. Examination of the data in Fig. | 
shows clearly that as for the other reducible substances, the results for 
murexide gave characteristic S-shaped curves usually known as the polaro- 
grams. Further, it may be noted that the polarogram was poorly “ defined” 
in the sense that the portions representing the residual current (portion AB) 
and limiting current (CD, Fig. 1) were not parallel to the voltage-axis, as is 
to be expected from theoretical considerations. This was primarily due to 
the low concentrations of murexide employed in the present investigation. 
Use of larger concentrations met with the difficult circumstance of salting 
out of the substance by the supporting electrolyte (KCI). At low concen- 
trations, the appreciable rate of change of condenser current with the applied 
voltage led to the observation of progressively increasing limiting currents 
(Fig. 1). When the residual current was corrected for, well-defined curves 
could be obtained at all concentrations studied; a few of the typical series 
of these results are given in Fig. 2. In this, curves 1-4 refer respectively to 
0-8, 1-0, 1-2 and 1-4 mM of murexide. It was interesting to note that the | 
diffusion current (ig) decreased progressively with a reduction in the concen- 
tration of murexide. Thus, e.g., ig was 10-3, 8-6 and 7-4 pamp. at 1-4, 
1-2 and 1-0 mM of murexide. With concentration C, ig increased roughly 
linearly (see Fig.3) in accordance with Ilkovic’s equation.* Further, the 
half-wave potential (£,) characteristic of the electro-active substance was 
—0Q-38 volts vs. S.C.E. for murexide in 0-1 N KCI solution; it was not 
sensibly affected by a change in the concentration of the substance (see inset, 
Fig. 2). These data indicate clearly that murexide is reducible at the drop- 
ping mercury electrode. 


Kuhn and Lyman?’ investigated the reduction of murexide with Na,S,0, 
and observed that reduction of one molecule of murexide required 2 atoms 
of H, leading to the production of a leuco-compound. 
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the q Fic. 2. Reduction of murexide at the dropping mercury electrode. at different concentrations. 
was = The potential scale for curve 4 is marked on the abscissa; the other curves have been shifted pro- 


not | gressively to the right by 0-1 volt. 
set, Heyrovsky and IIkovic!*. 1° deduced the following equations for rever- 
op- sible and irreversible reduction processes occurrent at the dropping mercury 


electrode: 
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Fic. 3. Effect of concentration on the diffusion current i,. 


where n is the number of electrons involved in the reversible reduction 
process; and a also contains a factor related to the rate constant of a slow 
reaction responsible for the irreversible nature of the reduction. In the 
former equation, 7 is always an integer and is equal to or greater than unity 
while in the equation for irreversible process a is found very often, though 
not invariably, to be less than one. Both these equations require that 
should be constant and independent of the concentration of the electro- 
active substance (vide supra); and that the plots log (i/ig — i) vs. E should 
be linear. It is instructive to consider from the data in Fig. 4 that for the 
reduction of murexide at the dropping mercury electrode, log (i/ig —i) 
varies roughly linearly with applied potential, E. The slope of the line was, 
approximately, 0-5 (cf. also Table I), leading to the deduction that the reduc- 
tion of murexide at the dropping mercury electrode is irreversible in nature. 
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Applied Concentration = 1-4mM Concentration = 1-2 mM 
potential - 
E (volts) i(uA)  log(ijis—i) a  i(uA) log(ilig—i) a 
— 0-300 0-50 — 1-29 0-43 “a0 —1-17 0-39 
— 0-350 1-05 — 0-94 0-44 1-04 —0-87 0-40 
— 0-400 2-05 — 0-60 0-46 1-89 —0-56 0-42 
— 0-425 2°80 — 0-43 0-48 2°58 —0Q-37 0-42 
— 0-450 3-68 — 0-26 0-54 3-36 —0-20 0-42 
— 0-500 6-46 + 0-23 0-61 5-62 +0-26 0-70 
— 0-525 7-67 0-46 0-58 6-89 0-58 0-73 
— 0-550 8-72 0-74 0-60 7-40- 0-76 0-62 
— 0-600 9-50 1-07 0-52 8-03 1-09 0-52 
Mean Mean 
0-52 0-52 








Ey = 0-478 Volts; igfor C = 1-4mM was 10-30 uA; and igfor C = 1-2mM was 8:69 Aug. 
SUMMARY 


Reduction of murexide at the dropping mercury electrode was investi- 
gated. Data obtained at different concentrations in the range 0-5-2 mM 
showed that the half-wave potential of murexide was — 0-38 volt vs. S.C.E. 
in 0-1 N KCI solution (neutral pH) and was not altered with concentration; 
with this last, the diffusion current increased linearly. Analysis of the plots 
log (i/iqg — i) vs. E indicated that the reduction was irreversible in nature. 
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THE GREAT SOLAR FLARE OF 
FEBRUARY 23, 1956 AND ASSOCIATED 
IONOSPHERIC EFFECTS AT AHMEDABAD 


By K. R. RAMANATHAN, F.A.Sc., R. V. BHONSLE, K. M. Korapiua 
AND R. G. RASTOGI 
Received April 27, 1956 


For some months now, the Physical Research Laboratory, Ahmedabad, 
has been recording continuously cosmic radio noise from the vertical sky 
on a frequency of 25 Mc/s, using a broadside collinear array of 16 dipole” 
aerials, covering an angle of 37° in N-S and 30° in E-W directions. A Hammer. 
lund Communications receiver with its output amplified by a differential 
D.C. amplifier, and calibrated by a diode noise generator, is used to record. 
the noise intensity on an Evershed recording milliammeter. On 23-2-1956) 
an exceptionally large sudden absorption of cosmic noise (SCA) was obse 
It commenced at 0831 hours 75° E Meridian Time, (0331 hours G.M.T) 
reached its maximum at 0838 hours and died out by about 0930 hours. 
sudden increase in absorption took place in two stages, the second and la 
increase being at 0833 hours. A photograph of the record is reproduced in 
Fig. 1. 

2. In Fig. 2, the noise record of 23-2-1956 is compared with those ol 
three neighbouring days. By interpolating the ‘‘ undisturbed” curve of : 
variation on 23-2-1956, and expressing the differences in intensity at different 
times from the undisturbed values, it appears that the intensity of cosmic” 
noise at the time of maximum absorption was 6-5 decibels below normal. 
This value may be compared with the highest absorption of 7 db. noted by 
Dr. C. A. Shain and Dr. A. P. Mitra (1954) at 18-3 Mc/s during a solar flare 
on April 20, 1951, in Australia. 

3. By the courtesy of the Chief Engineer, Overseas Communication 
Service, India, we give below the observations on the fade-outs of long-distance 
communication recorded by the Beam Wireless Station, Poona, on 23-2-1956. 

TABLE I 
Radio-communication fade-outs recorded by Beam Wireless 
Station, Poona, on 23-2-1956 
























Circuit _-Frequeney (Ke./s.) Time of Fade-out 
Osaka, Japan os ss 18,355 0835 to 1015 hours 
China... “e 20,120 75° EMT. Weak signals 
Melbourne ee is 18,700 Up to 1045 hours 
Bangkok abs ~ 18,200 
Indonesia ba ne 18,135 0835 to 1915 hours 





Kabul .. a - 7,788 0835 to 1915 hours 
306 












ERRATUM 


Vol. XLIIT, No. 5, May 1956 


On page 306, Table I, Time of Fade-out in the Circuit to Indonesia and Kabul 
should read as “0835 to 1015 hours” instead of ‘‘ 0835 to 1915 hours”’. 
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The equivalent vertical incidence frequencies for one- or two-hop reflections 
for an assumed height of reflection of 300 km. are all below 7 Mc/s. 

















75° EMT 


Fic. 2, Cosmic Radio Noise, 25 Mc/s, 1956 Feb. 22, 23, 25 and 26, Ahmedabad. 


4. The hourly records of the vertical pulse soundings of the ionosphere 
made in the laboratory showed that the reflections were normal at 0800 hours 
5° EMT, but at 0900 hours, there was a black-out of all vertical reflections 
p to 10 Mc/s (Fig. 3). It will be seen that at the same hour, the reflections 
of radio waves emitted by broadcasting stations were not visible even at 
15 Mc/s. 


All this, and most significant of all, the definite significant increase in 
osmic-ray meson flux recorded at the low geomagnetic latitudes of Ahmedabad, 
odaikanal and Trivandrum, mark out this solar flare as one of exceptional 

magnitude and character (Jbid., Sarabhai et al.). 


5. It is known that these sudden short-wave absorptions (SCA’s) follow 
solar flares and are associated with sudden changes of ionospheric reflections 
of long radio waves and magnetic “ crotchets”. The Cavendish workers 
(Bracewell, 1952; Weekes, 1955) give reasons for thinking that the additional 








308 K. R. RAMANATHAN AND OTHERS 





















short-wave absorption occurs in a layer well below the normal E layer, at a 
height of about 75 km. They have made the suggestion that during strong 
flares, the sun emits some radiation (probably in the short X-ray region) 
which penetrates the F and E layers and ionises some constituent of the at- 
mosphere which exists normally in small quantities at about 75 km. Nothing, 
however, is definitely known either about the frequency of the radiation or 
the atmospheric constituent reponsibile for the increased low-level ionisation, 


6. It may be of some interest to record here another strong cosmic 
radio absorption which occurred on 10-3-1956. It commenced at 0945 hours, 
reached its peak at 1005 hours and died out at about 1110 hours 75° EMT 
(Fig. 4). The maximum absorption in this instance was 3-6 db. The hourly 7 
ionospheric vertical soundings at Ahmedabad showed normal reflections at ~ 
0850 hours, complete absorption up to 9 Mc/s at 0955 hours and absorption 
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Fic. 4, Cosmic Radio Noise, 25Mc/s, 1956 March 8 and 10, Ahmedabad. 
up to 5 Mc/s at 1055 hours. No cosmic ray effects were observed at Indian | 
latitudes. 

As we are now on the up-grade of solar activity, more flares of varying 


degrees of intensity may be expected in the next two or three years and careful | 
monitoring of all the phenomena associated with them, will be of great value. 





: 
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A SOLAR FLARE TYPE INCREASE IN COSMIC 
RAYS AT LOW LATITUDES 


By V. SARABHAI, F.A.Sc., S. P. DUGGAL, H. RAZDAN AND T. S. G. SASTRY 
(Physical Research Laboratorv, Ahmedabad-9) 
Received Apri! 27, 1956 

On 23rd February 1956, the occurrence of a large solar flare was associated 
with a number of remarkable events observed at different stations on the 
earth. In addition to ionospheric disturbance, a spectacular increase of 
cosmic ray intensity has been reported by a number of observing stations 
situated in the middle latitudes. 


The Physical Research Laboratory has for some years been conducting 
a systematic study of the ionosphere and of cosmic ray intensity at low lati- 
tudes. Continuous measurement of cosmic radio noise has been started 
recently. A report by Ramanathan et al.' of the events observed at Ahmeda- 
bad on 23rd February by an ionospheric recorder and a 25 Mc/s cosmic radio 
noise monitor is published separately. We give here the results of measure- 
ments of cosmic ray meson intensity made with standard telescopes at 


1. Ahmedabad .. A —73°E, 23°N, 13°N geomagnetic, sea-level 
2. Kodaikanal .. K —77°E, 10°N, 1°N a 2,343 m. 
3. Trivandrum .. T —77°E, 8°N, 1°S ‘ sea-level 


Ahmedabad and Trivandrum are stations at sea-level. 


Trivandrum and Kodaikanal are stations on the geomagnetic equator, 
the latter being situated at a mountain elevation. Details of the standard 
telescopes have been published elsewhere.2 The telescopes measure triple 
coincidences of cosmic rays that can penetrate 10cm. of lead, and which 
arrive in directions inclined with the vertical at an angle not exceeding 22° 
in the E-W plane, and 37° in the N-S plane. 


I. SOLAR FLARE TYPE INCREASE ON 23RD FEBRUARY 1956 


During the period 21-2-1956 to 25-2-1956, three independent instru- 
ments were functioning satisfactorily at Ahmedabad, while at Kodaikanal 
and Trivandrum there were at each station one or two independent telescopes 
in operation. In Fig. 1 are shown the per cent. hourly deviations of meson 
intensity measured by each telescope on 22nd, 23rd and 24th February. No 
corrections of any kind have been applied to the data. For each station 
hourly data from the different telescopes have been combined and the average 


-per cent. hourly deviations are plotted. The average per cent. hourly devia- 
‘tions of all 7 telescopes at the three stations are also shown. In Table I we give 
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TABLE 
Per cent. average hourly deviations of meson intensity at Ahmedabad, Kodaikanal 











21~—2—1956 22—2—1956 
75° E.M.T. 

A K T Ave, A K sy Ave, 
0380 to 0030 ..| +1-58 +0-26 +0-92| -0-02 -1-17 +0-98  -0.07 
0030 to 0130 +0-42 2-23 -0-91| +005 +066 +435 +1.68 
0130 to 0230 ~0-02 —0-70 -0-36| +1-66 +083 +1:10 +116 
0230 to 0330 -0-05 3-07 -1-56| -1-19  -0-33 +0-55 -0.32 
0330 to 0430 —1-86 1-92 -1-89| +0-44 +1-50 -0-43 +0-50 
0430 to 0530 «= ..| +053 1-67 -0-57| +0-11 -1-00 -0-51 -0-46 
0530 to 0630 ..| +1-01 -0-10 +0-46| +1+17 +034 +431 +1-06 
0630 to 0730 = ..| +0-68 -1-51 -0-42| -3-06 +0-67 +0-74  -0-55 
0730 to 0830 — 2-36 —0-64 -1-50| -0-84  +0-34 +3-47 +0-99 
0830 to 0930 -2-13 +2-70 +0-29| +1-23 +1-17 +0-25 +0-88 
0930 to 1030 —1-09 43-51 +1-21| +0-49 +4-33 42-75 +2-52 
1030 to 1130 +0-96 -1-25 -0-16| +0-19 -0-33 +5-76 +1-87 
1130 to 1230 +2-38 40-22 41-25 | -2-47 +4234 +058 +0616 
1230 to 1330 +0+85 -1-75 =0-45 | -1-58  -0-88  +0-41 -0-66 
1330 to 1430 —1+12 40-27 -0-43| +1-74 +2-67 +3-06 +249 
1430 to 1530 -2-18 -1-75 -1-97 | +1-79 +3-00 -1-61  +1-06 
1530 to 1630 ~0-60 +0-93 +0-17 | -1-:73 +1-00 +0-83  +0-03 
1630 to 1730 +0+37 -0-57 -0-10| -0-52 -3-83 -4.08  -2-81 
1730 to 1830 —3-17 1-49 —2-33 | -1-80 +050 -1-52 -0-94 
1830 to 1930 +180 ~0-02 +0-89| -1-90 +267 -1-96 0-39 
1930 to 2030 — 0-95 —0-32 -0-64) +0-06 -2-35 -1-96 -—1-41 
2030 to 2130 ~1-50 -1-38 -1-44) -2-13 +1-00 -2-39 -1-50 
2130 to 2230 —2-98 +3-08 +0-05 +208  -0-34 —-5-16 -1-14 
2230 to 2330 +0-24 -2-91 -1-22 | +240 +084 -2-50 +0-25 





the average hourly deviations at A, K and 
hourly deviations for all three stations. 
to the day of the solar flare and end two days following the flare. Since the 


T as well as the combined average 


Data commence from two days prior 
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and Trivandrum and the per cent. average hourly deviations for the three stations 








23—2— 1956 24—2—1956 25—2—1956 
K T Ave. A K T Ave. A K T Ave. 
+0:33 -—2-92 —0-89 | +3-19 —3-45 +0-81 +0-18 | +1-90 +0-83 +2-04 +1-59 
+1-50 +0-11 -+1-00 | —0-47 +I-00 —0-81 —0-09  -—4-06 +0-83 —2-10 —1-78 
—-0-67 -—2-86 -0-57 | —0-98 +2-33 —1-02 +0-1l | +2-41 —0-66 —1-53 +0-07 
-1-00 -—2-32 -—0-57 | +0-10 +1-33 +0-61 +0-68 | —1-78 —2-00 —1-52 —1-77 
-0-16 -—4-15 —1-43 —0-16 +1-23 —1-22 —0-01 | +3-16 +0-49 —2-40 +0-4] 
-1-67 -0-02 -0-46 | +0-70 -1-33 +4-89 +1-42 +1-23 +2-66 —2-13 +0-58 
+0°17 —5-10 —1-11l | —1-48 —1-16 +0+81 —0-67 | +0-38 +1-00 +0-06 +0-48 
+1+33 -—0-75 -0-37 | —2-15 +0-16 +0-81 —0-39 | +0-73 —0-50 +1-18 +0-47 
+2-50 +0:06 +0-42 | —0-32 —0-99 —2-24 —1-18 | +0-46 +0-49 +0-69 +0-54 
+4-83 +4-57 +5-66 | +0-94 +0°33 +2-24 +1-17 |) +0-43 +2-33 +3-62 +2-12 
+2-66 +2-60 +1-45 | +0-07 —2-33 +0-61 —0°53 | —0-35 —2-00 +4-76 +0-80 
—-3°33 +4-61 +0-27 | +2-08 —0°33 —2-44 —0-23 | —1-22 +0-83 +1-97 +0-52 
+1:00 +2-89 +1-10 | —2-68 +1-83 +2-85 +0-67 | —0-47 —2-00 —0-17 —0-88 
-1-00 -—2-60 -—2-30 | +3-02 -—1-99 +2-24 +1-09 | —0-92 —0-83 —0-66 —0-80 
+1-50 +2-60 +0-90 | +0-86 —2-99 +1-43 —0-23 | +119 +2+17 +38-91 +2-43 
+0:33 +2-66 +1-61 | —0-01 +0-17 +2-24 +0-80 | —1-88 +2-00 +0-98 +0-37 
+0-50 +1-86 +1-77 | —0-72 —2-12 —1-02 —1-29 | +1-00 +1-83 +0-25 +1-03 
-1:00 -2-61 +0-26 | —1-24 +0-50 —2-24 —0-99 | +3-89 +2-00 +0-74 +2-21 
—0-16 -—6-26 -—2-73 | +2-94 +1-33 —1-02 +1-08 | —0-40 +1-49 +2-36 +1-15 
—1-33 +1-24 -—0-16 | —1-00 +0-01 —2-85 —1-28 | +1-37 —4-:17 —1-46 —1-30 
-2-83 -2-13 -1-70 | +0-11 —2-84 +3-05 +0-10 | +0-30 +0-88 -3-15 —0-67 
-0-:50 -—0-54 -—0-19 —0-11 —0-34 —2-44 —0-96 | —0-10 —1-83 —0-73 —0-88 
-2-00 -3-56 -—2-40 -—0-24 —0-01 —6-1l1 —2-12 | —0-47 —0-83 —2-31 —1-20 
-2-00 -0-81 -—1-16 +1-58 —1-16 +1-99 +0-80 | —0-80 +0-05 +1-55 +0-27 





photographic records were made hourly at the half hours according to 
13° EMT, which is almost local time at the three stations, and the onset of 


the flare was observed at Ahmedabad by the sudden absorption of cosmig 
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Per cent. hourly deviations of cosmic ray meson intensity at Ahmedabad, 
Kodaikanal and Trivandrum and the average of the hourly deviations at the three stations on 
22nd, 23rd and 24th February 1956. The hcurly deviations of each individual telescope are also 


indicated with appropriate symbols. 


radio noise at about 0832 hours 75° EMT, we are fortunate in having the onset 
of the flare almost coincide with the commencement of the hourly interval 


over which the cosmic ray intensity is averaged. 





At Ahmedabad during the hour immediately following the flare the 
average deviation is + 7-6-+1-3%. During the same hour at Kodaikanal 
and at Trivandrum the average deviations are + 4-8 +1-45% and + 4-6 
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+1-64% respectively. The average hourly deviation at Ahmedabad rarely 
exceeds + 3% and therefore the increase of 7-6% after the solar flare on 
23-2-1956 stands out clearly. At Kodaikanal and Trivandrum the hourly 
ie deviations are much larger than at Ahmedabad and consequently the in- 
ny creases during the hour following the flare are not equally striking even though 
, at both stations there are large significant positive deviations. In the average 
of deviations of all seven telescopes we get the advantage of suppressing devia- 
tions which are not simultaneously present at all three stations. We then 


have a prominent average increase of + 5-7 + 0-8% during the hour imme- 

¥ diately following the solar flare. This is considerably larger than other hourly 

“| @ deviations throughout the period. The difference between the increase at 
fa { Ahmedabad and the average increase at all three stations is not significant. 


It is therefore not possible to comment on the difference in the flare effect 
due to change from 0-13° geomagnetic North latitude. There is also no 
—~ significance difference between the increases at Kodaikanal and Trivandrum, 
in spite of the difference in elevation of about 2,343 m. But in view of the 
standard error of the determination at each place, the existence of a difference 
cannot be excluded. 


| II. INTERPRETATION 


The present evidence establishes for the first time the existence of a solar 
— : flare increase in cosmic rays at low latitudes near the geomagnetic equator. 
; During the four earlier observed instances of solar flare increases in cosmic 
; ray intensity, no significant increase was noticed at stations in latitudes less 
| j than 25°. It is difficult to say whether the present flare is unique in producing 

measurable effects at the Equator, since equipment comparable to ours was 
not operating during earlier occasions at low latitudes. As discussed later 
| in this communication, solar cosmic rays emitted during large flares can arrive 

only from certain restricted directions from the sky above the instrument. 
This effect becomes more pronounced at low latitudes and therefore the 
d, chance of recording a significant flare type event with an ionisation chamber 
" with omnidirectional sensitivity is rather less favourable than with a telescope 
pointing to an appropriate direction. It is not known so far whether the Car- 
negie Institution ionisation chamber at Huancayo has registered an increase 
after the recent flare. A negative answer will leave ambiguous the position 
regarding the uniqueness of the present flare since its occurrence at a time when 
all three stations in India were near the impact zone appropriate to positive 
2 particles originating from the sun has perhaps favoured the observation of 
| the increases at the Indian stations as compared to Huancayo, 
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From evidence prior to the recent flare, the generally accepted inter- 
pretation of the solar flare increase in cosmic ray intensity was that it is caused 
by a burst of positively charged particles from the sun which for the purpose 
of this effect, appears to have a diameter of about 30° as viewed from the earth. 
The particles were believed to have a maximum energy of about 10 Bev and 
an energy distribution much steeper than the distribution of the normal prim- 
ary cosmic rays. Even though increases at stations at high latitudes, such as 
Godhavn, Resolute and Thule have presented difficulties, since the stations 
lie outside normal impact zones for particles of these energies from the sun, 
attempts have been made to retain the postulate of solar origin by invoking 
the aid of interplanetary magnetic fields. The discovery of the increase at 
low latitudes now makes it necessary to revise some of our thinking on this 
subject. If the effect is caused by positively charged particles from the sun, 
the following conclusions would appear to result from our observation of the 
increase at the magnetic equator and at 13° North geomagnetic latitude where 
the minimum cut-off rigidity for vertical particles is about 17-0 and16-2 Bev/Zc 
respectively. In order to correct for the deflection in the geomagnetic field, 
and to determine the energies of positive particles originating from the sun 
which could play a role in causing the increase of intensity, we can use the 
most valuable results of Brunberg and Dattner.* 


On 23rd February 1956, the declination of the sun was — 10°. At 
0900 hours local time the position of the sun, with an angular diameter of 
30° as viewed from the earth, is indicated in the diagrams kindly prepared by 
Brunberg and Dattner for Ahmedabad and Kodaikanal and reproduced in 
Figs. 2 (A) and (B) respectively. It will be observed that at Ahmedabad 
solar protons must have energies between 35 and 65 Bev. Furthermore these 
particles are incident at the top of the atmosphere at directions in the 
N-S plane which make angles with the zenith from about 16° S—50°S. Cor- 
respondingly at Kodaikanal or Trivandrum the solar particles would have to 
be within an energy range 35-70 Bev and would be incident in directions 
from about 8° S-45° S inclined to the vertical in the N-S plane. At all three 
stations no particles from the sun could arrive in the E-W plane. Between 
the stations at the magnetic equator and at 13° N geomagnetic latitude, there 
is no marked change in the limits of directions of arrival of the trajectories 
or of the energies of allowed protons of solar origin. Moreover we have not 
established a significant difference between the per cent. increase of meson 
intensity at the three stations after the flare. It is therefore appropriate to 
consider the average conditions for solar protons in low latitudes in con- 
junction with the average increase of 5-7%. 
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lll. THe INTENSITY OF 50 BEV SOLAR FLARE PROTONS 


If N* be the number of primary solar protons in the energy range 
35-67-5 Bev per sec. per cm.” area normal to the direction of incidence, and 
N be the number of background cosmic rays in the same energy range per 
sec. per cm.” per steradian, we would like to calculate the ratio x = N*/N. 
At the present moment there are a number of uncertainties involved in relating 
N* and N to the corresponding counting rates n* and n in our telescopes due 
to solar particles and background intensity respectively of primaries in the 
energy range 35-67-5 Bev. This is mainly because the published results of 
Brunberg and Dattner relate only to the E-W and N-S planes. We have 
therefore no precise way of determining the limiting directions in other azi- 
muths which define the extent of cone which is available to the solar protons 
during this flare. From the interceptions of the cone on the N-S plane through 
zenith, and from the semi-angle of the telescopes in the same plane we estimate 
that solar protons can have not more than a fifth of the cone available to back- 
ground intensity measured in our telescopes. Thus at the present moment 
we can calculate only a lower limit to the ratio x, indicative of the order of 
its magnitude. Under these circumstances it is appropriate to disregard a 
correction for the difference in the effective aperture of the telescope for solar 
protons and background intensity. Furthermore, since the mean primary 
energy for background intensity is comparable to the mean energy of 50 Bev 
for solar protons, we can also assume that the same multiplicity factor can be 
applied in each case to derive the sea-level intensity in terms of the intensity 
at the top of the atmosphere. Thus we have x = N*/N = 5n*/n. If n' be 
the counting rate due to background in the entire energy range from geomag- 
netic cut-off to infinity, and we assume an integral spectrum of the form 
E-'? for the primaries of background intensity, the proportionate increase of 
intensity 

n* x eh ey 
057 =") mw os 
We then have x ~ 1-5, indicating that averaged over one hour following the 
flare, the flux of solar protons in the energy range 35-67-5 Bev is about 1-5 
times the flux of background cosmic rays in the same energy range. 


Visual records indicate that the flare on 23-2-1956 was of magnitude 
3 and occurred at 22-5° heliographic north and 73° heliographic west. One 
of the four earlier flares which produced increases of cosmic ray intensity was 
also located about 70° W heliographic longitude. We do not know much 
about the nature of magnetic fields between the sun and earth during such 
intense disturbances. If there is no magnetic focussing effect, we have to 

















V. SARABHAI AND OTHERS 








‘\ \ 


AHMEDABAD 


A 


Text-Fic. 2. Dagrams prepared by Brunberg and Dattner, showing the asymptotic co- 
to the zenith in the North-South and East-West Planes at (A) Ahmedabad, (B) Kodaikanal. 
at 0900 hours 75° EMT is marked in the diagrams. For further explanation, reference may be 


accept the rather remarkable conclusion that protons of energies as great as 
35-67-5 Bev can be ejected from the sun in a cone of semi-angle as large as 
75°. A consequence of assuming throughout the cone a flux of solar protons 
as large as is observed near the earth would be that during the hour following 
the solar flare of magnitude 3 the sun emitted about 107° protons of an energy 
of about 50 Bev. This may be compared with the estimate made by Simpson 
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KODAIKANAL 
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ordinates of velocity vectors of protons of different energies incident in various directions inclined 
The position of the sun on 23-2-1956 with an assumed diameter of 30° as viewed from the earth, 
made to the original paper.® 


et al of 2 x 102% protons per second of mean energy 4 Bev averaged over 
a solar cycle due to flares of magnitude equal to or greater than 1-+-. 


IV. CONCLUSION 


When we consider the sharp increase of intensity and its short mean life 
reported by other workers who have made continuous ionisation chamber 
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records, we are forced to conclude that events occur on the sun which involve 
the acceleration of a very large number of particles to much higher energies 
than has been hitherto suspected or indeed thought possible. The : Iternative 
to such a conclusion might involve the abandoning of our present belief that 
during such events particles are actually emitted from the sun. Any modu- 
lation theory would run into the difficulty, amongst others, that the interval 
between the observed maximum of visual intensity of the flare and the maxi- 
mum of cosmic ray intensity is only of the order of about 10-15 minutes. 


We are indebted to Drs. Brunberg and Dattner for their proton-energy 
diagrams and to Professor H. V. Neher and Mr. Nerurkar, for helpful 
discussions. We are also grateful to Mr. Thakore and Mr. Vishwanath, for 
computational assistance. The present work is generously financed by the 
Atomic Energy Commission of India. 
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SUMMARY 


During the hour following the big solar flare on 23-2-1956, an 
average increase of +5:7+0-8% has been observed in meson 
intensity measured with standard telescopes at Ahmedabad, Kodaikanal 
and Trivandrum. This is the first report of a significant solar flare type 
increase in cosmic rays near the geomagnetic equator. If the increase 
is due to solar protons travelling in approximately dizect paths, the 
energy of the protous must extend from about 35-67-5 Bev. It is esti- 


a> tb bbe = 


mated that the average flux of such protons is approximately equal to 1-5 
times the flux of general cosmic ray intensity in the same energy range. 
During the hour, the sun is estimated to have emitted more than 108 
protons of about 50 Bev energy. EE 
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HALF-LIVES OF SHORT-LIVED ACTIVITIES 
WITH A PULSED NEUTRON SOURCE AND A 
TEN CHANNEL TIME ANALYSER 


By N. VEERARAGHAVAN 


(Tata Institute of Fundamental Research, Apollo Pier Road, Bombay-\, India) 
Received March 31, 1956 


(Communicated by Dr. B. Peters, F.A.sc.) 
ABSTRACT 


The half-lives of He* and Pb?’ have been measured by pulsing the 
neutron source from a | Mev cascade generator and observing the decay 
with a ten channel cathode ray tube time analyser. A scintillation 
counter with anthracene crystal served as the detector. Using least 
squares fitting, the half-lives of He* and Pb*° were found to be respec- 
tively 0-852 + 0-016 second and 0-948 + 0-014 second. Comparison 
with previous determinations is given. 


THE present paper describes a method for measuring half-lives of short-lived 
isotopes and isomers, from the milli-second to the second region. The half- 
lives of He® and an isomeric state Pb*”’™ have been measured with a cathode 
ray tube type ten channel time analyser. 


The early methods for determining half-lives involved the use of mecha- 
nical devices such as a rotating wheel where the required isotope was produced 
at one end of the wheel by a Ra-Be neutron source and then transferred to 
the detector by the rotating wheel.1 From the counting rate of the detector 
and the period of rotation of the wheel, the half-life was calculated. 


Recent methods?»* employ electronic time analysers and pulsed neutron 
sources from low energy accelerators such as cyclotrons and cascade genera- 
tors where high neutron fluxes are available. The cycle of operations is 
(i) A burst of neutrons is produced for a small interval to make the required 
isotope. The detector such as a beta-counter is not made to count the acti- 
vity during this interval because of the masking of the activity by the intense 
neutron beam, (ii) After the neutron pulse is over, the decay of the activity 
produced, iscounted by the detector in various time channels till the com- 
mencement of the next neutron pulse. 


The pulsing of the neutron source is done by pulsing the deuteron or 


proton beam which produces neutrons when made to bombard a light element 
target. The pulsing of the beam is accomplished by pulsing the r.f. voltage 
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on the dees in the case of a cyclotron or by pulsing the extraction voltage of 
the r.f. ion source in the case of a cascade generator, as in the present case. 
It is also possible to pulse the deuteron or proton beam at the target end of 
the accelerator by electrostatic means. However, the former method is pre- 
ferable because of the absence of neutron background. 


The electronic time analysers built so far for such measurements were 
based on similar lines. For example in the work of Cassels and Latham? 
on the half-life of He*, a ring of twelve scale circuit was driven by a master 
oscillator whose frequency could be adjusted. Position 1 in this ring cor- 
responded to the pulsing of the R.F. voltage on the dees of the cyclotron and 
the subsequent positions 2, 3, 4, etc., connected the G.M. counter impulses 
through gating circuits to recording units. 

Even though high neutron fluxes are obtained with accelerators, the 
various activities induced in the target chamber and surrounding materials by 
the intense neutron beam cause background problems for the detector while 
counting the required activity. As will be discussed later, in the present work, 
the background has been made smaller than the statistical fluctuations of acti- 
vity counts by redesigning the target chamber and using a scintillation counter 
with anthracene crystal which made it possible to discriminate between the 
activity pulses and background. 


NEUTRON SOURCE 


Fast neutrons were produced from D-Be reaction using 700 Kev deuterons 
at 250 microamperes and a beryllium target. The neutron source was pulsed 
by pulsing the deuteron beam. This was done by a motor with a make and 
break contact arrangement for the extraction voltage of the r.f. ion source. 
The neutron pulse width was 200 milli-seconds and the repetition rate was one 
pulse for every 2-3 seconds. 


EXPERIMENTAL PROCEDURE 


The block diagram of the apparatus is shown in Fig. |. The deuteron 
current pulse at the target was differentiated, amplified and converted into 
a flat pulse of constant height and duration about 50 micro-seconds to trigger 
the time base of the cathode ray tube type K 1159. The target pulse was 
differentiated to ensure that the time base started only at the end of the neutron 
pulse. The detector was a scintillation counter employing EMI 6262 photo- 
multiplier with last four stages shorted and a 1-5 x 1-5 x 1 cm. anthracene 
crystal. In the case of He® a small beryllium disc, 2cm. diameter and 
100 mg./cm.* thick, was placed on the top of the crystal which therefore 
counted the betas from He® produced by fast neutron bombardment of 
beryllium. In the case of Pb*’™ a block of lead 15 x 7 x 2-5 cm. was placed 
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between the neutron source and the scintillation counter which counted the 
gammas from Pb*7™ produced by the inelastic scattering of fast neutrons 
from the lead block. Pulses from the photo-multiplier were amplified, shaped 
by diode clipping, converted into flat pulses of equal height and duration 
about 50 micro-seconds and were made to intensify the spot of the K 1159 
tube. The spot itself was triggered by the target pulse as previously described 
to sweep across the ten dynodes or electron collectors at a known rate (in the 
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present case the time taken for the spot to sweep across the ten dynodes or 
channels was about 1-3 seconds which was smaller than the time interval 
of 2-3 seconds between two neutron pulses). As the spot swept across, each 
photo-multiplier pulse gave a corresponding dynode pulse that was amplified 
by a one stage 6 AK 5 amplifier before passing on to a recording unit consist- 
ing of a scale of 32 and a high speed register. After the spot had moved past 
the tenth dynode it stayed stationary till it was brought back to the starting 
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position by the next target pulse in a time very short compared to the channel 
widths. The spot then swept again the various dynodes as described pre. 
viously. Thus at the end of several neutron pulses the activity counts that 
were counted in time in the various channels due to various pulses added up 
in the corresponding recording circuits to give the final decay curve. 


CHANNEL WIDTH MEASUREMENTS 


The channel widths were measured by a chronotron whose calibration 
was checked by pulses from a Model 50 pulse generator with a fequency stabi- 
lity better than 0-5%. In order to make sure that there was no overlapping 
or dead space between channels, pulses from Model 50 pulse generator were 
made to intensify the spot of the K 1159 tube. Knowing the frequency of the 
pulses and the number of sweeps, the individual channel widths were calcu- 
lated from the counts in various recording units of the channels. This was 
checked against the chronotron reading. The grid bias of the cathode ray 
tube was adjusted so that the chronotron method of finding the channel widths 
and the pulse generator method of finding the widths agreed with each other. 
The individual channel widths were, in general, not equal to each other due to 
non-uniformity in the focussing of the spot and non-uniformity in the various 
dynodes. The channel widths were of the order of 130 milli-seconds. The 
channel widths were measured before and after the experiment and the stability 
was found to be better than 1%. 


BACKGROUND EFFECTS 


In the earlier runs background counts were appreciable and this was due 
to the fact that the original target chamber of the cascade generator contained 
materials like brass, silver which became highly active due to neutron bombard- 
ment. This target chamber was replaced by a steel plate containing the beryl- 
lium target. The background effects were thus reduced and by adjusting the 
bias of the discriminator of the amplifier of the scintillation counter, it was 
possible to bring down the background counts to less than 0-5% of the observed 
decay rates at any particular time interval. 


He* half-life—A typical decay curve for He® is shown in Fig. 2. 


The counts in each channel divided by the corresponding channel widths 
in second were plotted on a semi-log scale against the time corresponding to 
the centre of each channel. The straight line in the graph was obtained from 
the experimental points by the method of least squares fitting. A statistical 
analysis was made to make sure that the deviation of the observed points from 
the straight line fitted by the method of least squares is reasonable in view of 
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el the variations inherent in the observations. From the slope of the line the 
C half-life was calculated. Five independent determinations gave 
. 0-864 + 0-035) 
” 0-826 + 0-046 
0-847 + 0-028 } second 
0-841 + 0-039 | 
0-874 + 0-036 | 
2 | The weighted mean is 0-852 + 0-016 seocond. This value is in agree- 
‘ | ment with previous determinations.!~’ 
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Faster sweep speeds were tried and there were no other activities with 
lifetimes in the range from 10-* to 1 second with a cross-section comparable 
to that of Be® (na) He® reaction, 








324 N. VEERARAGHAVAN 


Pb®’"™ _A typical decay curve for Pb*”’”” is shown in Fig. 3. Five inde- 
pendent determinations gave 


0-933 + 0-028) 
0-942 + 0-037 | 

0-962 + 0-025 } second 
0-961 + od 

0-919 + 0-049 


The weighted mean is 0-948 + 0-014 second. 
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This value while it agrees with that given by G. Friedlander et al.", is 
higher than those obtained by other workers*-™: 1? (Table I). 


In order to verify that the difference from previous determinations is 
not due to impurity in the lead used in the experiment, the sample was chemi- 
cally analysed and the silver content was found to be only 0-003% by weight. 
This percentage is toosmall to change the half-life of Pb?” by more than 0-5% 
since only fast neutrons were employed and the neutron pulse width was very 
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TABLE I 
Half-life 
of Pb207 Remarks 
in second 
E.C. Campbell and) 0:9 Pile neutron irradiation of natural lead. 
Max Goodrich  $ Experimental details not available. 
J. Lascoux and } 0-82+0:-02 Fast neutron irradiation of natural lead. 
G. Vendryes § Pulsed beam and mechanical time analyser. 
N. J. Hopkins .. 0-80+0-02 Experimental details not available. 


Elizabeth Wilson, details available. 
A. Ghiorso and 
I. Perlman 
J. M. Reid and 0-80+0-10 Lead activity produced from Pb®® (y, n) 
K. G. Mc Neill } Pb?" and Pb? (y, y’) Pb”, Pulsed 
beam and electronic time analyser. No 
details available. 


G. Friedlander, ! 0:88-0:10 Lead activity separated from Bi’. No 





small compared to the silver half-life of 24 seconds. The other impurities 
have half-lives very much longer than that of silver and do not contribute to 
the activity. The effect of any influence of background counts on the half-life 
has been eliminated and it has not been possible to explain the difference 
from previous determinations. 
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ERRATA 
On page 250, No. 4 of this Volume, Equation (8) should read as follows :— 


(v,8—v,)* = (v’?—v"2)? + (2)? 
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